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ABSTRACT 

The problem o f  i n s t a b i l i t y  i n  c o n t r a s t r e a m i n g  streams of  p lasma 

o r  s e l f - g r a v i t a t i n g  g a s  c l o u d s  i s  i n v e s t i g a t e d  f o r  g e n e r a l  p r o p a g a t i o n  

d i r e c t i o n ,  u s i n g  moment e q u a t i o n s .  A un i fo rm r o t a t i o n  i s  a l s o  i n c l u d e d  

i n  v iew of  i t s  a s t r o p h y s i c a l  impor t ance .  C o n d i t i o n s  f o r  i n s t a b i l i t y  

(monotonic  o r  growing wave) a r e  d e r i v e d .  It  i s  found t h a t  t h e  c lass i -  

c a l  J e a n s ’  wave leng th  f o r  f r a g m e n t a t i o n  o f  i n t e r s t e l l a r  medium i s  con-  

s i d e r a b l y  d i m i n i s h e d  due  t o  i n t e r s t r e a m i n g  s p e e d s .  F o r  a n o n - g r a v i t a -  

t i n g  p lasma i t  i s  conc luded  t h a t  p e r t u r b a t i o n s  p r o p a g a t i n g  normal  t o  

t h e  i n t e r s t r e a m i n g  d i r e c t i o n  l e a d  t o  a montonic  i n s t a b i l i t y .  T h i s  

i n s t a b i l i t y ,  though c h a r a c t e r i z e d  by a small growth  r a t e ,  s h o u l d  be 

p o s s i b l e  t o  o b s e r v e  i n  l a b o r a t o r y  p l a smas  i f  d i m e n s i o n s  are s u i t a b l y  

c h o s e n  t o  e l i m i n a t e  t h e  c o n v e n t i o n a l  e l e c t r o s t a t i c  two-s t ream 

i n s t a b i l i t y  . 



I .  

I. INTRODUCTION 

C o n t r a s t r e a m i n g  p l a smas  are a common o c c u r r e n c e  i n  n a t u r e  e . g .  i n  

c o l l i d i n g  galaxies,  p lasma streams from M - r e g i o n s ,  solar f l a r e s  i n  t h e  

background solar wind.  T h i s  makes  t h e  i n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  

o f  e x c i t a t i o n  of  s table  o r  u n s t a b l e  o s c i l l a t i o n s  due  t o  c o l l e c t i v e  

i n t e r a c t i o n s  i n  c o n t r a s t r e a m i n g  p l a smas  an i m p o r t a n t  q u e s t i o n .  V a r i o u s  

i n v e s t i g a t i o n s  o f  t h e  two-stream i n s t a b i l i t y  i n  c o l l i s i o n l e s s  p l a s m a s ,  

b o t h  c o l d  and w a r m ,  have  been r e p o r t e d ’ ,  b u t  t hey  have  been r e s t r i c t e d  

t o  e l e c t r o s t a t i c  p e r t u r b a t i o n s  i n  n o n - g r a v i t a t i n g  plasmas. The e l e c t r o -  

s t a t i c  i n s t a b i l i t y  a r i ses  due  t o  e l ec t ros t a t i c  i n t e r a c t i o n s  a r i s i n g  

from a c h a r g e  s e p a r a t i o n  produced by wave p r o p a g a t i o n  a l o n a  t h e  

s t r e a m i n g  d i r e c t i o n  so tha t  t h e  m a g n e t i c  f i e l d  r ema ins  u n p e r t u r b e d .  I n  

g e n e r a l ,  t h e  sys tem i s  s u b j e c t  t o  a p e r t u r b a t i o n  p r o p a g a t i n g  a t  any  

a n g l e  t o  t h e  s t r e a m i n g  mot ion .  I t  i s  o f  i n t e r e s t ,  t h e r e f o r e ,  t o  e x p l o r e  

w h e t h e r  e l e c t r o m a g n e t i c  i n t e r a c t i o n s ,  due t o  a p e r t u r b e d  magne t i c  f i e l d ,  

c a n  l e a d  t o  a n  i n s t a b i l i t y  i n  c o n t r a s t r e a m i n g  p lasmas .  Again i n  astro- 

p h y s i c a l  s i t u a t i o n s  ( e . g .  i n t e r p e n e t r a t i n g  star streams) t h e  streams 

are  s e l f - g r a v i t a t i n g  and endowed w i t h  a l a r g e - s c a l e  g a l a c t i c  r o t a t i o n .  

problems--namely c o n t r a s t r e a m i n g  i n s t a b i l i t y  i n  c o l l i s i o n l e s s  

and s te l lar  streams--are e s s e n t i a l l y  a l i k e  e x c e p t  f o r  t h e  i m -  

d i f f e r e n c e  t h a t  g r a v i t a t i o n a l  i n t e r a c t i o n s  are a lways  a t t r a c t i v e  

n s t  a t t r a c t i v e  and r e p u l s i v e  f o r c e s  i n  c h a r g e s  c o n s t i t u t i n g  a 

p l a s m a ) ,  and  t h a t  t h e  s e l f - g r a v i t a t i o n a l  f i e l d  i s  n o t  n e u t r a l i z e d  as i n  

an  i o n i z e d  g a s  which i s  e l e c t r i c a l l y  n e u t r a l .  It may be ment ioned  t h a t  

c o o p e r a t i v e  phenomena i n  c o l l i s i o n l e s s  s t e l l a r  streams ( i n  t h e  a b s e n c e  

nf r ~ t z t i n n  and magne t i c  f i e l d )  have  r e c e n t l y  been s t u d i e d  by Sweet . 2 

The t w o  

p l a smas  

p o r t  an t 

(as  aga 
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The purpose  of  t h e  p r e s e n t  p a p e r  i s  t o  p r e s e n t  a u n i f i e d  t r e a t m e n t  

of  two-stream i n s t a b i l i t y  f o r  g e n e r a l  p e r t u r b a t i o n s  € o r  i o n i z e d  streams 

or  s e l f - g r a v i t a t i n g  streams of  u n i o n i z e d  g a s  i n c l u d i n g  t h e  e f f e c t  of a 

u n i f o r m  r o t a t i o n  and p r e v a i l i n g  u n i f o r m  i n t e r s t e l l a r  magne t i c  f i e l d .  

We s h a l l  make u s e  o f  t h e  moment e q u a t i o n s  f o r  a w a r m ,  c o l l i s i o n l e s s  

p l a sma .  

damping. The r e s u l t s  o b t a i n e d ,  though e x a c t  f o r  c o l d  c o n f i g u r a t i o n s ,  

would, i t  is hoped ,  r e p r e s e n t  r e a s o n a b l y  w e l l  t h e  s i t u a t i o n s  i n c l u d i n g  

t h e r m a l  e f f e c t s .  

These e q u a t i o n s  w i l l  n a t u r a l l y  p r e c l u d e  phenomena l i k e  Landau 
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11. INITIAL STATE 

C o n s i d e r  t h e  t w o  unbounded,  homogeneous, p lasma streams i n t e r p e n e -  

t r a t i n g  w i t h  e q u a l  and  o p p o s i t e  s p e e d s  Uo,-Uo. The i o n s  and e l e c t r o n s  

of e i t h e r  stream w i l l  be  assumed t o  move t o g e t h e r  so t h a t  t h e r e  i s  n o  

i n i t i a l  e l e c t r i c  c u r r e n t  i n  e i t h e r  medium, and  be  c h a r a c t e r i z e d  by 

e q u a l  t e m p e r a t u r e s .  The t w o  streams w i l l  be  supposed  t o  be  s e l f - g r a v i -  

t a t i n g  and  s u b j e c t  t o  t h e  s i m u l t a n e o u s  e f f e c t  o f  a homogeneous r o t a t i o n  

and magne t i c  f i e l d .  I n  homogeneous, i s o t h e r m a l  streams w e  are r e q u i r e d ,  

a s  shown be low,  t o  t a k e  t h e  p r e v a i l i n g  magne t i c  f i e l d  Bo,  t h e  r o t a t i o n  

v e c t o r  Q ,  and t h e  s t r e a m i n g  mot ion  g o ,  a l l  p a r a l l e l  t o  one a n o t h e r  i n  

o r d e r  t h a t  t h e  s t e a d y  s ta te  e q u a t i o n s  are c o n s i s t e n t l y  s a t i s f i e d  f o r  

b o t h  streams. 

The i n i t i a l  s ta te  i s  gove rned  by t h e  f o l l o w i n g  e q u a t i o n s  w i t h  

r e s p e c t  t o  a r o t a t i n g  f rame of reference, 

B e a m  1 
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B e a m  2 

and  

3 

where t h e  symbols have  t h e i r  u s u a l  meaning .  

u n i o n i z e d  gas  t h e  e q u a t i o n s  (6)  and ( '7)  h a v e  n o  meaning  and  w e  have  

e q u a t i o n  (5) t o g e t h e r  w i t 1 1  two e q u a t i o n s  o u t  of e q u a t i o n s  ( I )  - ( 4 )  

w i thou  t t h e  e 1 e c t romagn e t i c qu an t i t i  e s . 

F o r  g r a v i t a t i n g  streams of 
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E q u a t i n g  e q u a t i o n s  ( 1 )  and (3)  w e  o b t a i n ,  

I -  

which must be s a t i s f i e d  f o r  t h e  i n i t i a l  s ta te .  Thus f o r  beams c h a r a c -  

t e r i z e d  by homogeneous p r e s s u r e s  we must have 

tj qm> --- 
.I 

for  so t h a t  t h e  t h r e e  v e c t o r s  go, 0 , bzj, rLarmor f r e q u e n c y  

j t h  p a r t i c l e  , ( e l e c t r o n  o r ion ) ’  are p a r a l l e l .  
L m. c - -  

1 - 4  

Again f o r  a g r a v i t a t i n g  g a s  s t r e a m  w e  need t o  s a t i s f y  

f o r  e a c h  beam. T h i s  l e a d s  t o  t h e  e q u i l i b r i u m  r e l a t i o n  

( 1 1 )  
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I 111. PERTURBATION EQUATIONS 

The moment e q u a t i o n s  d e f i n i n g  t h e  t ime-dependen t  p e r t u r b e d  s t a t e  

of t h e  s t r e a m i n g  p lasma are w r i t t e n  a s ,  

0.B - 0 

1 
: -  i 

I 

’ _  . I 
1 

I 
(12) 

(13) 

an d 
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He re  

I .  

The e q u i l i b r i u m  q u a n t i t i e s  are shown w i t h  a s u f f i x  ' 0 '  and  t h e  

c o r r e s p o n d i n g  p e r t u r b a t i o n s  are deno ted  by  small l e t t e r s .  I n  e q u a t i o n s  

(I./+), (17) and (19) summation i n c l u d e s  i o n s  and e l e c t r o n s  f o r  b o t h  t h e  

beams. The q u a n t i t y  S j  s t a n d s  f o r  t h e  c h a r a c t e r i s t i c  sound speed  

( =  J q k j  ) f o r  t h e  j t h  p a r t i c l e .  

From e q u a t i o r s  (17)  and (18) we: o b t a i n  

Assuming t h e  p e r t u r b a t i o n s  t o  be of  t h e  form 

w e  w r i t e  e q u a t i o n  (21) a s ,  

(22) 
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The e x p r e s s i o n  f o r  n j  i s  o b t a i n e d  from equat ion  (13) as 

The P o i s s o n  ' s equat ion ( 1  4) y i e l d s  
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The e q u a t i o n  ( 2 3 )  i s  r e w r i t t e n  a s ,  

The e q u a t i o n s  (27)  and ( 2 8 )  c o n s t i t u t e  t h e  c o u p l e d  set  of  e q u a t i o n s  

f o r  t h e  problem under  i n v e s t i g a t i o n .  C l e a r l y  f o r  g r a v i t a t i n g  i n t e r -  

p e n e t r a t i n g  streams. t h e  p e r t u r b a t i o n  e q u a t i o n  i s  (27)  w i t h  r i g h t  hand 

s i d e  p u t  e q u a l  t o  z e r o .  I t  may a l s o  be n o t e d  t h a t  t h e  r o t a t i o n  v e c t o r  

occurs  i n  t h e  p e r t u r b a t i o n  e q u a t i o n  ( 2 7 )  a l o n g  w i t h  t h e  La rmor  f r e q u e n c y  

t e r m ,  and  we can  t h e r e f o r e  speak  o f  an e f f e c t i v e  Larmor f r e q u e n c y  v e c t o r  

i n  t h e  p r e s e n c e  o f  r o t a t i o n .  & = cn;+2n) 
L e t  u s rnow f i x  t h e  d i r e c t i o n  of  t h e  wave number v e c t o r  k as t h e  

Z - a x i s  a n d  assume t h e  p a r a l l e l  v e c t o r s  goj and g t o  have  t w o  components ,  

f o r  g e n e r a l i t y ,  i n  t h e  x and z d i r e c t i o n s .  We may now e l i m i n a t e  d& from 

e q u a t i o n s  (27)  and ( 2 8 )  and w r i t e  t h e  f i n a l  p e r t u r b a t i o n  e q u a t i o n s  i n  

component  form as  
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The e q u a t i o n s  (29) - (31) c o n s t i t u t e  i n  a l l  t w e l v e  e q u a t i o n s  ( t h r e e  

f o r  e l e c t r o n s  and t h r e e  f o r  i o n s )  f o r  b o t h  beams t a k e n  t o g e t h e r .  The 

summation i s  over  b o t h  e l e c t r o n s  and i o n s  i n  t h e  two beams and would t h u s  

c o n s i s t  of  f o u r  terms. For  g r a v i t a t i n g  u n i o n i z e d  streams t h e r e  w i l l  b e ,  

i n  a l l ,  s i x  e q u a t i o n s  ( t h r e e  f o r  e a c h  beam) w i t h  e a c h  summation h a v i n g  

o n l y  t w o  terms. The s e l f - g r a v i t a t i o n  term o c c u r s  o n l y  i n  t h e  e q u a t i o n  

(31) , which on compar ison  w i t h  t h e  l a s t  summation term r e v e a l s  t h a t  t h e  

c o n t r i b u t i o n  from s e l f  - g r a v i t a t i o n  i n  an i o n i z e d  g a s  i s  n e g l i g i b l e  

compared t o  t h e  c o n t r i b u t i o n  from t h e  c h a r g e d  p a r t i c l e s  as 

i n d e p e n d e n t  o f  cha rged  p a r t i c l e  d e n s i t y ,  i s  a l w a y s  much l a r g e r  t h a n  

u n i t y .  Thus s o  f a r  as w e  are d e a l i n g  w i t h  i o n i z e d  streams, t h e  s e l f -  

g r a v i t a t i o n  e f f e c t  i s  e n t i r e l y  n e g l i g i b l e .  We may, t h e r e f o r e  , d i s c u s s  

t h e  case of  un ion ized  g r a v i t a t i n g  g a s  s e p a r a t e l y  from t h e  i o n i z e d  

(p l a sma)  streams. 
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I' , ELECTRON OSCILLATIONS IN PLASMA STREAMS 

Having seen  t h a t  t h e  s e l f - g r a v i t a t i o n a l  e f f e c t s  are n e g l i g i b l e  

so long  as t h e  plasma f r equency  i s  n o t  z e r o ,  w e  may, f o r  s i m p l i c i t y ,  

c o n s i d e r  t h e  case of e l e c t r o n  o s c i l l a t i o n s  o n l y  i n  i n t e r p e n e t r a t i n g  

plasma streams. T h i s  approx ima t ion  i s  r e a s o n a b l e  i n  view of l a r g e  

mass of t h e  i o n s  which can  t h e r e f o r e  be  r e g a r d e d  as u n p e r t u r b e d  u n l e s s  

t h e  f r e q u e n c y  of  o s c i l l a t i o n  i s  sma l l .  

A. F i e l d - f r e e  n o n - r o t a t i n g  plasma streams 

For  a c o n f i g u r a t i o n  of i n t e r p e n e t r a t i n g  plasma streams 

i n  t h e  absence  o f  magne t i c  f i e l d  and r o t a t i o n ,  i t  i s  e a s y  t o  o b t a i n  t h e  

d i s p e r s i o n  r e l a t i o n  f o r  e l e c t r o n  o s c i l l a t i o n s  from e q u a t i o n s  (29) - (31) 

T h i s  i s  w r i t t e n  as 

Here s u f f i x e s  1 and 2 r e f e r  t o  t h e  two beams, and a l l  q u a n t i t i e s  Uo, 

S ,  u p  r e f e r  t o  e l e c t r o n s .  

Fo r  the p a r t i c u l a r  c a s e  of  paral le l  p r o p a g a t i o n  ( k  \ \  U o ) ,  w e  

p u t  Uox = 0 and o b t a i n  

. 
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and 

2s= 

S =  0 

where 'YLh -A k, r e s p e c t i v e l y  d e n o t e  

t h e  g rowth  r a t e  and  t h e  wave number of  t h e  mode o f  maximum i n s t a b i l i t y .  

-~ ~ 

T h i s  i s  t h e  well-known d i s p e r s i o n  r e l a t i o n  f o r  e l e c t r o s t a t i c  i n s t a b i l i t y  

i n  c o n t r a s t r e a m i n g  f i e l d - f r e e  p l a smas .  

(%I = * z ;  SI = S z )  t h e  c o n f i g u r a t i o n  i s  s t a b l e  f o r  a l l  wave l e n g t h s  

of p e r t u r b a t i o n  so f a r  as t h e  s t r e a m i n g  v e l o c i t y  i s  l ess  than  t h e  t h e r m a l  

s p e e d .  

For  i d e n t i c a l  plasma streams 

In  c a s e  U O  > S ,  t h e  c o n f i g u r a t i o n  i s  m o n o t o n i c a l l y  u n s t a b l e  f o r  

k c k where k i s  g i v e n  by rc 9 

I n  t h e  u n s t a b l e  r a n g e  o f  w a v e l e n g t h s  t h e r e  e x i s t s  a mode of  maximum 

i n s t a b i l i t y  d e f i n e d  b y ,  
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To see whether  i n s t a b i l i t y  may a r i s e  when wave p r o p a g a t i o n  v e c t o r  

- k i s  i n c l i n e d  t o  the  s t r e a m i n g  d i r e c t i o n ,  l e t  u s  c o n s i d e r  t h e  p a r t i c u l a r  

case  of t r a n s v e r s e  p r o p a g a t i o n  k L Uo. For t h i s  case w e  p u t  &.Lo = o i n  

e q u a t i o n  (32) and o b t a i n  f o r  i d e n t i c a l  i n t e r p e n e t r a t i n g  plasma streams, 

t h e  d i s p e r s i o n  r e l a t i o n  a s ,  

The e q u a t i o n  (37) shows t h a t  t h e  c o n f i g u r a t i o n  o f  f i e l d - f r e e  plasma 

streams are u n s t a b l e  m o n o t o n i c a l l y  f o r  p r o p a g a t i o n  normal  t o  t h e  s t r e a m i n g  

i f  t h e  f o l l o w i n g  i n e q u a l i t y  i s  s a t i s f i e d ,  

C l e a r l y  t h e  streams c h a r a c t e r i z e d  by Uo < S are s table  as was t h e  case 

f o r  k \ \  Uo. For  a p r e s s u r e l e s s  c o n f i g u r a t i o n  ( c o l d  streams) i t  may be 

n o t e d  t h a t  t h e r e  i s  i n s t a b i l i t y  f o r  a l l  w a v e l e n g t h s  t r a n s v e r s e  t o  

s t r e a m i n g  mot ion .  Thus even t h o s e  wave leng ths  which were s t a b l e  f o r  

wave v e c t o r  a l o n g  s t r e a m i n g  are, s t r i c t l y  s p e a k i n g  , u n s t a b l e  when t h e y  

p r o p a g a t e  normal  t o  t h e  s t r e a m i n g  d i r e c t i o n .  We c o n c l u d e ,  t h e r e f o r e ,  

t h a t  c o l d  i n t e r p e n e t r a t i n g  streams a r e ,  i n  g e n e r a l ,  u n s t a b l e  f o r  a l l  k .  

Again there e x i s t s  a mode of maximurri instability in t h i s  c a s e ,  t o o j  
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~ ~~ - 

d e f i n e d  by 

and 

k: 
1 1 

The e l e c t r o m a g n e t i c  i n s t a b i l i t y  ( k  I Uo) i s  c h a r a c t e r i z e d  by a 

v e r y  small growth r a t e  and so s h o u l d  be masked by t h e  e l e c t r o s t a t i c  

i n s t a b i l i t y  when b o t h  are s i m u l t a n e o u s l y  p r e s e n t .  

be p o s s i b l e  t o  o b s e r v e  

plasma d imens ions  t h u s  g e t t i n g  r i d  of t h e  e l e c t r o s t a t i c  i n s t a b i l i t y .  

I t  s h o u l d ,  however ,  

k 1 Uo i n s t a b i l i t y  by a p r o p e r  c h o i c e  o f  



. 
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we o b t a i n  a mixed t r a n s v e r s e  mode i n  t h e  p r e s e n c e  o f  a un i fo rm magne t i c  

f i e l d ,  t h e  resul ts  f o r  which are a l so  well-known 3 ( B e r n s t e i n  and Trehan ) .  

i L e t  u s  now i n v e s t i g a t e  i n  p a r t i c u l a r  t h e  case of  p r o p a g a t i o n  normal 

t o  t h e  s t r e a m i n g  mot ion  ( k  Uo) i n  t h e  p r e s e n c e  o f  a un i fo rm magne t i c  

f i e l d  ( a n d / o r  r o t a t i o n ) .  

( 3 0 )  and (31) we  o b t a i n  t h e  d i s p e r s i o n  r e l a t i o n  as  

A f t e r  some s i m p l i f i c a t i o n s  on e q u a t i o n s  ( 2 9 ) ,  

- % -  

For  i d e n t i c a l  plasma streams t h e  e q u a t i o n  (41) l e a d s  to  

The e q u a t i o n  (42) shows t h a t  t h e  o v e r s t a b i l i t y  (growing  wave 

i n s t a b i l i t y )  i s  a b s e n t ,  b u t  t h a t  t h e  c o n f i g u r a t i o n  of  c o l d  plasmas i s  

m o n o t o n i c a l l y  u n s t a b l e  i f  t h e  wave number o f  t r a n s v e r s e  p e r t u r b a t i o n  

e x c e e d s  a c e r t a i n  c r i t i c a l  v a l u e  g i v e n  by 
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Thus c o n t r a s t r e a m i n g  c o l d  plasmas are c o m p l e t e l y  s t a b i l i z e d  by a 

s t r o n g  enough p r e v a i l i n g  m a g n e t i c  f i e l d  ( o r  r o t a t i o n )  d e f i n e d  by 

( 44) 

F o r  w a r m  plasma streams we c o n c l u d e  t h a t  t h e r e  i s  n o  o v e r s t a b i l i t y  

p o s s i b l e  and  t h e  c o n f i g u r a t i o n  i s  s t a b l e  f o r  a l l  k when Uo 5 S ,  o r  

t h e  f i e l d  i s  s t r o n g e r  t h a n  d e f i n e d  by 

i n  case Uo > S .  The c o n f i g u r a t i o n  shows monotonic  i n s t a b i l i t y  o n l y  i n  

f o r  

- 
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V. GRAVITATING STREAMS WITH ROTATION 

For  i n t e r p e n e t r a t i n g  streams of u n i o n i z e d  g a s  c h a r a c t e r i z e d  by a 

s e l f - g r a v i t a t i o n  t h e  r e l e v a n t  e q u a t i o n  i s  (27) w i t h  r i g h t  hand s i d e  

p d  z e r o .  The summation i s  o v e r  t h e  p a r t i c l e s  ( o r  s ta rs  i n  s t e l l a r  

streams) c o n s t i t u t i n g  t h e  two streams. The d i s p e r s i o n  r e l a t i o n ,  as  

o b t a i n e d  by s i m p l i f y i n g  e q u a t i o n  (27),  i s  f i n a l l y  w r i t t e n  a s ,  

To d i g r e s s  t h e  g e n e r a l  d i s p e r s i o n  e q u a t i o n  (47)  w e  may c o n s i d e r  

t h e  s p e c i a l  cases of p a r a l l e l  p ropaga t ion  ( k  \I Uo I\ n) and p e r p e n d i c u -  

lar  p r o p a g a t i o n  (k 1 UO, a ) .  

A. P a r a l l e l  P r o p a p a t i o n  (k 11 Vc). 

I n  t h i s  case a, = 0, and t h e  d i s p e r s i o n  r e l a t i o n  (47)  

y i e l d s  
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which i s  a f o u r t h  d e g r e e  po lynomia l  i n  (L!, t h e  p a r a m e t e r  d e c i d i n g  t h e  

q u e s t i o n  of  s t a b i l i t y  of t h e  c o n f i g u r a t i c n  F o r  streams o f  i d e n t i c a l  

s t e l l a r  masses and number d e n s i t i e s  and hav ing  sane t h e r m a l  v e l o c i t i e s ,  

t h e  d i s p e r s i o n  e q u a t i o n  ( @ )  r e d u c e s  t o  

T h i s  e x p r e s s i o n ,  i n d e p e n d e n t  of  r o t a t i o n  , - educes  t o  t h e  well-known 

Jeans' c r i t e r i o n  f o r  f r a g m e n t a t i o n  o f  i n t t r s t e l l a r  g a s  f o r  t h e  case 

Uo = 0 .  

g r a v i t a t i n g  s t r e a m s  d o  n o t  show any o v e r s t a l  l i t y  i f  Uo r S .  

case t h e  c o n f i g u r a t i o n  i s  m o n o t o n i c a l l y  unstk >Le f o r  

The a n a l y s i s  of e q u a t i o n  ( 4 9 )  r e v e  I s  t h a t  two i n t e r p e n e t r a t i n g  

I n  t h i s  

and  s t a b l e  f o r  

The s i g n i f i c a n c e  of t h i s  r e s u l t  ( e q u a t i o n  50) i n  t h e  m o d i f i c a t i o n  

o f  t h e  J e a n s '  c r i t e r i o n  f o r  f r a g m e n t a t i o n  due t o  t l  3 i n t e r p e n e t r a t i n g  

i n t e r s t e l l a r  c l o u d s .  The c lass ica l  J e a n s '  t h e o r y  ( U  = 0 )  l e d  t o  a 

c r i t i c a l  s i z e  so  l a r g e  t h a t  i t  i s  i m p o s s i b l e  f o r  s t a r :  t o  b e  formed w i t h  
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masses less  than  a b o u t  500 times t h e  s o l a r  mass. T h i s  prompted v a r i o u s  

w o r k e r s  t o  t h i n k  of some s p e r a t i v e  mechanisms which c o u l d  r e s u l t  i n  4 ~ 

s t a r  c o n d e n s a t i o n s  of  much smaller masses .  I n  e q u a t i o n  (50)  w e  f i n d  t h a t  .. 
t h e  c r i t i c a l  wave leng th  f(= yf) ( above  which t h e r e  i s  

montonic  i n s t a b i l i t y )  i s  r educed  by t h e  p r e s e n c e  o f  i n t e r p e n e t r a t i n g  

s p e e d s  and g o e s  down t o  z e r o  f o r  U o  = S.  The i n t e r s t e l l a r  medium i s  by 

no  mearts q u i e s c e n t  and such  i n t e r p e n e t r a t i n g  s p e e d s  are q u i t e  l i k e l y  t o  

o c c u r .  We may, t h e r e f o r e ,  s u r q i s e  t h a t  t h e  e s s e n t i a l  c o n d i t i o n  f o r  

monotonic  i n s t a b i l i t y  (UC) 5 )  i s  l i k e l y  t o  be  s a t i s f i e d  

i n  v a r i o u s  r e g i o n s  of  i n t e r s t e l l a r  g a s  and would t h u s  p l a y  a p a r t  i n  

f r a g m e n t a t i o n s  l e a d i n g  t o  s tar  fo rma t ion  of  much smaller masses t h a n  

g i v e n  by t h e  c lass ica l  J e a n s '  t h e o r y .  S i m i l a r  r e s u l t s  were o b t a i n e d  

by Sweet , a l t h o u g h  t h e  q u e s t i o n  of whe the r  i n s t a b i l i t y  would l e a d  t o  

f r a g m e n t a t i o n  o r  o n l y  t o  a c o n v e r s i o n  of t h e  i n i t i a l  s t r e a m i n g  e n e r g y  

t o  d i s o r d e r e d  e n e r g y  t i l l  t h e  l i n e a r i z e d  t h e o r y  b r e a k s  down, i s  s t i l l  

open .  

2 

Again t h e  s t r e a m i n g  mot ion  may exceed  t h e  t h e r m a l  v e l o c i t i e s  
I 

(& &,,.Is-.) f o r  t h e  i n t e r s t e l l a r  c o n d i t i o n s .  I n  t h a t  case t h e  

e q u a t i o n  ( 4 9 )  p r e d i c t s  a growing wave i n s t a b i l i t y  ( o v e r s t a b i l i t y )  f o r  

a r a n g e  o f  wave numbers g i v e n  b y ,  

. 
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I f  w e  n e g l e c t  t h e  t h e r m a l  e f f e c t s  a l t o g e t h e r  t h e  c o r r e s p o n d i n g  con- 

d i t i o n s  f o r  i n s t a b i l i t y  t o  m a n i f e s t  a r e ,  

and  

Thus we may say t h a t  f o r  c o l d  g r a v i t a t i n g  s t e l l a r  sys t ems  t h e  

s i t u a t i o n  i s  u n s t a b l e  € o r  a l l  r e l a t i v e  s t r e a m i n g ,  t h r o u g h  o v e r s t a b i l i t y  

f o r  h i g h  v a l u e s  of s t r e a m i n g  v e l o c i t i e s  ( o r  wave number €or a g i v e n  Uo) 

and t h r o u g h  monotonic i n c r e a s e  of a m p l i t u d e  f o r  s low s t r e a m i n g .  

B .  P e r p e n d i c u l a r  P r o p a g a t i o n  (k I Uo) 

In  t h i s  c a s e  k.Uo = 0 ,  and t h e  d i s p e r s i o n  r e l a t i o n  (47 )  

g i v e s  --. 

T h i s  e q u a t i o n  € o r  i d e n t i c a l  g r a v i t a t i n g  streams l e a d s  t c  

= o  



I 

c 
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With equilibrium rotation as defined by equation ( 1 1 )  the equation 

(54.) gives two stable modes. 
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